Introduction
Heart failure (HF) is one of the primary causes of hospitalization and rehospitalization in Maine and the nation. [1] [2] [3] Care of these patients is complex. 4 After an admission for HF, nearly 25% of patients are readmitted within 30 days, and by 6 months this proportion reaches nearly 50%. 5, 6 MaineHealth, a nonprofit health system in Maine, works through its Heart Failure Workgroup (Workgroup) to promote best practices across the care continuum to improve quality, to optimize patient outcomes, and to make the best use of health care resources. Readmission rates serve as indicators of quality. Reducing avoidable readmissions for HF patients is a systemwide improvement objective.
Home health nurses, as members of the Workgroup, identified difficulty obtaining timely physicians' orders as one contributor to avoidable readmissions. Anecdotal accounts cited frequent instances when the home health nurse believed a patient would benefit from diuresis but instructions from the physician were delayed. In these cases, the patient's symptoms often progressed, resulting in an Emergency Department visit and hospital readmission. Workgroup consensus was that this scenario was frequently observed and, with approximately 75% of eligible HF patients referred to home health, represented an important opportunity for improvement. 7 The Workgroup further identified that a factor in these cases was timely adjustment of diuretic medications and that these adjustments might be conducted in the home via a standing order, including intravenous (IV) administration when warranted.
In response to this opportunity, the Workgroup developed the MaineHealth Home Diuretic Protocol (HDP), through which home health nurses respond to worsening HF symptoms using predetermined orders for diuretic administration to reduce delays, improve management of fluid retention, improve patient quality of life, and reduce readmissions.
The Workgroup, a quality-improvement forum that includes clinicians, managers, and quality-improvement professionals from across care settings, is led by the Director of the Maine Medical Center Heart Failure Program and a MaineHealth Senior Medical Director. In 2010, the Workgroup established the following objective: to demonstrate that diuretic therapy, including diuretics administered intravenously, can be delivered safely and effectively in the home health setting to address symptoms and signs of decompensation in HF patients using the HDP and standing orders.
Methods
The HDP was derived from existing standards of care for HF. From the patient's perspective, the treatment they received was routine practice, with no special consent required and no risks beyond usual care. No patient was denied appropriate treatment. The institutional review board of the Maine Medical Center determined that this was a nonresearch project and not subject to its review.
The project was implemented in two hospitals in the health system (Maine Medical Center and Southern Maine Medical Center) and the primary home health agency serving those hospitals (Home Health Visiting Nurses). The Workgroup created a Home Diuretic Task Force to develop and implement a stepwise protocol. The task force was led by the Director of the Maine Medical Center Heart Failure Program and included a primary care physician, a home health nurse/telehealth coordinator, an inpatient HF nurse, a cardiology nurse practitioner, an emergency physician (the MaineHealth Senior Medical Director), a nurse clinical specialist, and the program manager.
A literature search uncovered five studies from Europe and the US between 1993 and 2010 related to diuretic protocols for HF. Four studies involved a clinic setting whereas one was designed with home diuretic administration by advanced practice nurses. [8] [9] [10] [11] [12] These studies each provided evidence that diuretic protocols can be safe and effective outside the hospital setting despite comorbidities such as renal dysfunction. These studies also demonstrated cost-effectiveness, reduced hospital readmissions, and improved quality-of-life scores.
Starting with these examples, the Task Force developed an algorithm focused on patient safety and best practices for patient care. Hospitalized patients with advanced HF (New York Heart Association Class III/IV) were enrolled in the HDP in conjunction with an order for home nursing and telehealth monitoring. The HDP then remained dormant until the patient met the weight gain threshold, triggering activation of the standing orders. The HDP included monitoring of vital signs and laboratory test values, physician supervision, and a stepwise approach to diuretic therapy. Patient safety was of paramount importance, with physician consultation for abnormal laboratory test results and prompt referral to physician or hospital in any case of progressive symptoms, unstable vital signs, or worsening examination results (Table 1) .
Education and training to support implementation of the program included inpatient nurses, discharge planners, cardiologists, hospitalists, home health nurses, and primary care physicians. Presentations were conducted to inform and engage stakeholders and to solicit their feedback on the HDP and its implementation. Training of home health nurses included clinical updates on HF care and implementation of the HDP itself. Detailed information was provided to individual primary care physicians when their patients were enrolled in the HDP.
A primary purpose of evaluation was to demonstrate whether the HDP could be implemented safely. The next question to be answered was whether implementation was feasible without significant modification to existing resources, including staff and equipment. Evaluation was also designed to provide information on the success of HDP at meeting the needs of physicians, nurses, and patients and its impact on readmission rates.
Main outcome measures included the number of patients enrolled, HDP adherence, physical findings, lab values, patient disposition after each episode of care, and patient and clinician satisfaction. The home health telehealth coordinator compiled data provided by the nurses caring for the patient in the home. Vital signs data were recorded, including weight, temperature, blood pressure, pulse, respiratory rate, pulse oximetry, and laboratory values, including serum electrolytes, renal function, and magnesium. Data were also collected on patient symptoms, including dyspnea, orthopnea, rales, peripheral edema, early satiety, abdominal bloating, and chest pain. Actions taken by the home health nurse-direct clinician contact, laboratory testing, and medication administration, as well as patient disposition and outcome-were also recorded. Questionnaires to nurses, patients, and physicians solicited feedback regarding HDP ease The current version of the protocol itself, along with other supporting materials, can be found at www.mainehealth.org/home-diuretic. IV = intravenous; NYHA = New York Heart Association.
Home Diuretic Protocol for Heart Failure: Partnering with Home Health to Improve Outcomes and Reduce Readmissions of use, opportunities for improvement, patient's perception of care, impact on patient safety, and responsiveness to patients' needs. Blinded data were submitted for analysis only in aggregated form. No patient-identifying information was shared with program staff.
Results
Sixty patients were enrolled in the HDP between November 2011 and January 2014. The HDP was activated 84 times for 30 of these patients, with multiple activations for 16 patients. In 16 (19%) of the activations, HDP deviations occurred, primarily in the form of physician orders to respond to changes in patients' status, with 1 patient hospitalized and 1 patient referred to hospice. In 38 (45%) of the 84 activations, the patient's weight returned to baseline with a doubling of their usual diuretic dose. Baseline weight was achieved 17 times (20%) after doubling the oral diuretic dose combined with metolazone. On 9 (11%) of these 84 activations, the patient's weight returned to baseline after receiving IV diuretic administration. Overall, a return to baseline weight was achieved in 64 of the 84 HDP activations. Of the 68 activations for which the HDP was followed without deviation, a return to baseline weight occurred in 64 (94%), with only 6 hospitalizations. Two patients were referred for hospice care. A flowchart of these outcomes is provided in Figure 1 .
The readmission rate was 10%, with a total of 6 readmissions for the 60 patients enrolled. This compares favorably with the readmission rate among MaineHealth HF patients receiving home health care services (25%) as well as with the Maine Medical Center readmission rate of 20.6% and the national readmission rate of 23% among Medicare patients with a discharge diagnosis of HF. 3 Of the 6 readmissions, 3 were for HF, whereas the other 3 were for pneumonia, chest pain, and complications of diabetes.
One key safety question was whether complex patients with kidney disease could be managed safely under the HDP; therefore, renal function was monitored closely. Creatinine levels were abnormal at baseline in 27 cases. Of these, 13 abnormal creatinine levels worsened whereas 14 improved under the HDP. Abnormal lab values sometimes resulted in modifications of the algorithm to optimize therapeutic effect. These modifications, with close management of these patients to ensure safety, frequently resulted in effective diuretic adjustments and in some cases prompted the scheduling of next-day appointments with physicians, including with a nephrologist. No patient was admitted for renal failure while under the HDP.
The safety and feasibility of IV administration of diuretics in the home environment were questioned by several stakeholders. IV administration of diuretics was relatively infrequent (17%) and was performed by home health nurses without compromising patient safety or quality of care. Most patients did not progress to IV administration, with 67% of patients returning to baseline with oral treatment alone.
Nurses overwhelmingly reported that the HDP was easy to follow and that it helped them respond quickly to patient needs. Patients uniformly indicated that the nurse responded quickly and that the care they received helped them to stay out of the hospital. Only three physicians responded to the request for feedback and each of their responses bears mention here. One physician stated, "This protocol is a nightmare," expressing concern about excessive phone exchanges regarding changes in the patient status. Further investigation indicated that some of these calls were necessary to safely manage complex patients, whereas other calls reflected a lack of experience with the HDP on the part of home health nurses. This led both to additional training of home health staff and to clarifying expectations among physicians. The message was reframed to stress that, rather than reducing communications about complex patients, this HDP allows physicians to partner with the home health nurse to more effectively manage these patients and to prevent Emergency Department visits and hospital admissions. A second physician expressed the opinion that the protocol improved the patient's safety as a result of the increased attention inherent in the HDP. The third response declared the HDP "an outstanding program" and a very positive experience for this patient, contributing to keeping the patient out of the hospital.
Medication supply was challenging, with the plan for providing IV medications and supplies requiring several a IV administered a total of 13 times within these 10 activations, with 3 patients receiving IV diuretic on 2 consecutive days. IV diuretic also administered on two other activations as first step, as noted under "deviations" above. HF = heart failure; IV = intravenous. improvement cycles. IV medications and supplies were not readily available for patients through community or hospital pharmacies. A strategy involving a regional supplier of infusion services has proved successful, being cost-effective and reliable.
Discussion
Controversy continues regarding the true effectiveness of home monitoring in the management of HF. A Cochrane review 13 in 2010 concluded that telemonitoring and structured telephone support do reduce all-cause mortality as well as rehospitalizations, whereas a randomized controlled trial inclusive of 1653 patients published that same year failed to demonstrate any such benefits. 14 Desai 15 similarly questioned the relationship between intensive home monitoring and outcomes, suggesting that emerging technologies may provide opportunities to remotely assess hemodynamic parameters and thereby improve disease management. Konstam, 16 on the other hand, has argued that home monitoring should be considered an integral part of chronic disease management, particularly with HF, given its ever-increasing prevalence and costs.
The recognition that telemonitoring, if it is to be effective, has to be linked to timely intervention led to the development of the MaineHealth HDP. Although clearly a case series description rather than a randomized controlled trial, the HDP results to date suggest that home health nurses empowered with a structured protocol permitting a titrated increase in home diuretic dosages can safely and effectively manage homebound patients with advanced HF. MaineHealth's integrated approach to improving the care of HF patients provided a structure within which to develop and implement the project. Committed engagement by the home health agency leadership was essential to its success, as was careful oversight by cardiologists and primary care physicians. Essential also was the clinical expertise and continued engagement of the members of the task force. The MaineHealth Heart Failure Program had the structure, staffing, and engagement of HF professionals from across the care continuum to coordinate and support this work well. Specially trained and experienced telehealth nurses played a central role in implementing the HDP.
The most significant limitation of this study is the lack of comparison data for the participant population. Since not all eligible patients were referred and no randomization process was used, it is likely that the discretion of referring physicians resulted in significant variation in the characteristics of patients recruited. Although historic data on the readmission rates for HF patients receiving home health services are available, these data do not differentiate those patients receiving telemonitoring services. Without comparative data for non-HDP patients, the relative impact of the HDP versus the impact of telemonitoring alone cannot be determined. Other limitations include the relatively small number of patients as well as the lack of racial diversity (all White).
From the beginning, patient safety has been the primary consideration and has not been compromised for any study participant. The daily physical examination, close monitoring of signs and symptoms, and laboratory results supported this goal. The effectiveness of the HDP was demonstrated by the return to baseline weight of most patients. The reduction in readmissions was better than anticipated, although no specific target was established for readmission reduction. Fewer patients than anticipated were recruited to the intervention during the study period. Patient recruitment may have been limited by reluctance among physicians to change practice, and by the introduction of a new electronic medical record system in the midst of the study period, creating challenges in the referral process.
The intervention was carried out with existing clinical staff, with no additional resources provided other than the support of quality-improvement staff. There were additional clinical inputs and associated costs, however, including telehealth equipment and home health telehealth coordinator and nursing time, and the extra time required by physicians to actively manage the most complex patients. Going forward, MaineHealth must develop a strategy to account for these additional costs and to allocate resources to scale and sustain the HDP, particularly as the cost savings that result from reduced rates of readmission will probably result in a decrease in revenue. Others considering such an intervention are advised to plan accordingly. This calculus will probably change as more organizations move toward "accountable care" and assume more financial responsibility and risk in providing care for the populations they serve.
Despite the challenges encountered and recognizing the relatively small number of patients enrolled, the MaineHealth HDP has demonstrated that diuretic therapy can be delivered safely and effectively in the home health setting and can improve patient experience outcomes while reducing readmissions. Given its apparent safety and effectiveness, MaineHealth plans to introduce the HDP in additional communities and to adapt it for use in other care settings, most notably skilled and long-term care. Recommendations for further study include using concurrent versus historic comparison data, as well as establishing a patient recruitment process that supports improved comparison of intervention versus control populations. v
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